Purpose To evaluate pregnancy outcomes following onabotulinumtoxinA (US Food and Drug Administration pregnancy category C product) exposure using the Allergan safety database. Methods The Allergan Global Safety Database contains reports of onabotulinumtoxinA administration before/during pregnancy, including both prospective (reported before outcome) and retrospective (outcome already known) cases. The database was searched from 1/1/90 to 12/31/13 for eligible cases where treatment occurred during pregnancy or ≤3 months before conception. To minimize reporting bias, prevalence rates were focused on prospective cases. Results Of 574 pregnancies with maternal onabotulinumtoxinA exposure, 232 were eligible with known outcomes. Patients received onabotulinumtoxinA most frequently for cosmetic indications (50.5%), movement disorders (16.8%), and pain disorders (14.2%). Of the 137 with dose information, 40.1% received <50U, 14.6% 50U to <100U, 27.7% 100U to <200U, and 17.5% ≥200U. Among 146 cases with known maternal age, 47.9% were ≥35 years. Most (96.0%) fetal exposures occurred during/before the first trimester. Of the 137 prospective cases (139 fetuses), 110 (79.1%) were live births; 29 (20.9%; 95% CI, 14.0-30.0%) ended in fetal loss (21 spontaneous, 8 induced abortions). Among live births, 106 (96.4%) were normal, with four abnormal birth outcomes (1 major fetal defect, 2 minor fetal malformations, 1 birth complication), giving a 2.7% (3/110; 95% CI, 0.6-8.0%) prevalence rate for overall fetal defects. Conclusions A 24-year retrospective review of the Allergan safety database shows that the prevalence of fetal defects in onabotulinumtoxinAexposed mothers before/during pregnancy (2.7%) is comparable with background rates in the general population. Pregnancy outcome monitoring in onabotulinumtoxinA-exposed women continues.
INTRODUCTION
OnabotulinumtoxinA (BOTOX ® /BOTOX ® Cosmetic, Allergan, Inc., Irvine, CA) has been studied and marketed globally for a variety of indications for over 20 years. In the USA, approved indications for onabotulinumtoxinA include strabismus, blepharospasm, cervical dystonia, axillary hyperhidrosis, chronic migraine, upper limb spasticity, neurogenic detrusor overactivity, overactive bladder, and the cosmetic indications of glabellar lines and lateral canthal lines (Table 1) . 1, 2 OnabotulinumtoxinA is indicated for use in adults in the USA, except for the treatment of blepharospasm and strabismus, in which it is indicated for patients ≥12 years of age. Over the past 24 years (1990-2014) , approximately 54 million vials of BOTOX ® and BOTOX ® Cosmetic have been distributed worldwide (Allergan data on file).
OnabotulinumtoxinA is designated as a US Food and Drug Administration (FDA) pregnancy category C pharmaceutical product, as there are no adequate and well controlled studies in pregnant women, and it should only be used during pregnancy if the benefits outweigh the potential risks. 3 While women who are pregnant, nursing, or planning a pregnancy are excluded from clinical trials on botulinum toxin (BoNT), many women being treated with onabotulinumtoxinA (eg, chronic migraine, axillary hyperhidrosis, and cosmetic use) are of reproductive age. Several of the indications for which onabotulinumtoxinA is approved are more prevalent in women and overall use is greater in females. For example, the prevalence of chronic migraine is 2.5 to 6.5 times higher in women than in men, 4 >60% of hyperhidrosis patients are reported to be female, 5 and in the USA, almost 90% of the onabotulinumtoxinA injections for cosmetic use are for women. 6 In addition, pregnancy rates for women in their 30s and early 40s have increased in the developed countries. 7 Given the high frequency of onabotulinumtoxinA use among women, especially those of fertile age, we have analyzed birth outcomes of women exposed to onabotulinumtoxinA prior to or during pregnancy.
METHODS
The Allergan Global Safety Database was used to identify pregnancy cases, in which the patient was exposed to onabotulinumtoxinA or BoNT type A (manufacturer unspecified). This database contains individual case safety reports received from pre-and post-approval sources (approved indications shown in Table 1 ), including Allergan-sponsored and partner-sponsored clinical trials (serious adverse events and pregnancies), spontaneous sources (serious and non-serious events reported by consumers and healthcare providers), post-authorization studies, health authorities, and published literature. Women enrolled in Allergansponsored clinical trials who had a positive pregnancy test during the trial period were withdrawn from the studies and followed for pregnancy outcome. The database includes cases with pregnancy outcomes that are prospectively (pregnancy case reported before outcome was known) or retrospectively (outcome known when pregnancy case was reported) collected. When a pregnancy exposure is reported to Allergan, a minimum of three attempts are made, by phone, email, and/or letter to gather information on the pregnancy exposure and to obtain follow-up information on the pregnancy outcome. Additional follow-up is based upon the reporter's willingness to provide more information, receipt of consent to access medical information, and provision of the doctor's contact information. Whenever possible, the patient's physician is contacted for additional information about the pregnancy.
For this analysis, the database was queried from January 1, 1990 through December 31, 2013 for case reports involving an identifiable patient exposed to onabotulinumtoxinA or BoNT type A who was confirmed pregnant, and the patient age was unknown or was under the age of 65 years. Additionally, case reports concerning accidental topical exposure to onabotulinumtoxinA were excluded.
Only cases in which onabotulinumtoxinA injection occurred during pregnancy or up to 3 months prior to the estimated date of conception were retained; these are considered eligible pregnancies for the purpose of this analysis. OnabotulinumtoxinA is not expected to be present in peripheral blood at measurable levels following intramuscular or intradermal injection at the recommended doses, and preclinical studies 8, 9 predict that any potentially systemic onabotulinumtoxinA would be completely eliminated from the systemic circulation within 48 h post-injection in rodents. Therefore, it was decided to review cases with maternal exposure of onabotulinumtoxinA 3 months prior to conception, because this is the approximate duration of action of the drug in striated muscle. 10 All cases were reviewed by a medical safety physician, who determined if the outcome was a normal live birth or fetal loss (which included both spontaneous and elective abortions, as well as other cases of fetal loss), or in the case of a live birth, whether there were any fetal defects. Elective abortion cases included the birth type of "elective termination" or Medical Dictionary for Regulatory Activities preferred term of "abortion induced" or "abortion." Fetal defects were assigned to the following categories 11 : major, which have serious medical and/or social implications and often require surgical repair; minor, which are of mostly cosmetic significance and are rarely medically significant or require surgical repair; birth complication, which results from the birthing process; genetic abnormality, which results from a genetic disorder; and significant adverse event, which is another event considered to be significant by the reviewer. Outcomes of interest were fetal defects and fetal loss. Additional evaluated variables were maternal age, timing of exposure, indication, and dose.
Retrospective pregnancy cases (ie, reported after the pregnancy outcome is known) have an inherent reporting bias because they may be influenced by the outcome itself; for example, abnormal outcomes are more likely to be reported than normal outcomes. Such bias may lead to a higher proportion of abnormal outcomes that does not reflect the "true" prevalence rate. As noted by the FDA 12 and other published reports, [13] [14] [15] retrospective reports will not provide an accurate risk calculation. For completeness, however, the proportions of abnormal pregnancy outcomes among retrospective cases are provided. In cases of pregnancy outcomes after botox exposure 181 prospective pregnancies, reporting bias regarding outcome is not anticipated because the outcome has not yet occurred. Consistent with FDA guidance 12 and other reports [13] [14] [15] only prospective pregnancy cases are used to estimate prevalence rates of abnormal pregnancy outcomes, and their 95% confidence intervals (CI), based on a Poisson distribution, are provided.
RESULTS

Distribution of cases
Overall, 574 pregnancy cases were retrieved from the Allergan Global Safety Database for the time period of January 1, 1990 through December 31, 2013 (Figure 1) . Out of these, 276 pregnancies (48.1%) had a known outcome, and of these 276 cases, 232 pregnancies (137 prospective and 95 retrospective) were eligible and encompassed 237 fetal records (139 prospective and 98 retrospective). Six of the overall 574 pregnancy cases (two prospective and four retrospective) were exposed to unspecified BoNT.
Maternal characteristics
Maternal ages were known for 146 (62.9%) of the total known outcome cases (Table 2 ). Of the patients with known age, 47.9% were of advanced maternal age (≥35 years); 42.3% of prospective patients were ≥35 years and 59.2% of retrospective patients were ≥35 years. The most commonly reported condition for which patients received onabotulinumtoxinA injection was cosmetic use (50.5%), followed by movement disorders (16.8%), pain disorders (14.2%), and hyperhidrosis (11.6%) ( Table 2 ). The majority (82.6%) of fetal exposures occurred during the first trimester (Table 2) . Of the total patients with a known dose (total dose), 40.1% received <50U, 14.6% received 50U to <100U, and 45.3% received ≥100U (Table 2) .
Fetal outcomes
Overview. There were 137 prospective pregnancies, comprising 139 fetuses because of two sets of twins (Figure 1 ). Of these, 110 (79.1%) resulted in a live birth. Most (96.4%) of the live births were normal. There were four abnormal birth outcomes, including one major fetal defect, two minor fetal malformations, and one birth complication ( Table 3 ). The prevalence rate for major fetal defects was 0.9% (1/110; 95% CI, 0.02-5.1%) and for overall fetal defects it was 2.7% (3/110; 95% CI, 0.6-8.0%). Of the prospective fetuses, 20.9% (29/139; 95% CI, 14.0-30.0%) ended in fetal loss. Twenty-one fetal losses (72.4%) were spontaneous, one of which included a genetic abnormality, and eight (27.6%) were elective abortions. live births, 61 (95.3%) were normal. The three abnormal birth outcomes included one major fetal defect, one minor fetal malformation, and one significant adverse event (Table 3) . Of the 98 fetuses from retrospective pregnancies, 34 (34.7%) ended in fetal loss, 29 (85.3%) were spontaneous losses, and 5 (14.7%) were elective abortions, one of which included a genetic abnormality.
Fetal loss. Overall, there were 50 spontaneous abortions in the 47 prospective and retrospective pregnancies (Table S1 ). The most commonly reported condition for which patients experienced spontaneous fetal loss was cosmetic (64.4%), followed by movement disorders (13.3%), pain disorders (13.3%), and hyperhidrosis (6.7%). The most common dose of onabotulinumtoxinA among patients who experienced spontaneous fetal loss was <50U, and the majority (94.3%) of fetal exposure occurred during the first trimester. The most common gestational ages at the time of spontaneous loss were between 1 and 2 months (43.2%) and 2 and 3 months (43.2%). Most (26 [70.3%]) of the spontaneous abortions had the documented risk factor of a maternal age >35 years. 16 One spontaneous abortion involved a genetic abnormality (Down syndrome); more information on the case is provided in Table 3 .
Among the prospective pregnancy cases, a significantly higher proportion of patients with spontaneous abortions (68.8%) were of advanced maternal age (ie, ≥35 years) compared with those experiencing live births (39.5%; p = .032) ( Table 4) . A majority of the patients with spontaneous abortions (89.5%) reported receiving onabotulinumtoxinA for cosmetic use, which was comparable to the overall rate of cosmetic (vs. therapeutic) use of 85.8% on a per-patient basis in the US population (data on file). Cosmetic use of onabotulinumtoxinA was reported in 50.5% of the patients with live births. It is notable, however, that the timing of exposure to onabotulinumtoxinA was comparable in both the spontaneous abortions and live birth cases (Table 4) .
There were a total of 13 elective abortions from both prospective and retrospective cases, which occurred with similar frequency among patients treated for various indications (Table S2 ). The majority (81.8%) of fetal exposures in these cases occurred during the first trimester. Of the 10 cases for which the time of abortion was known, nine occurred in the first trimester. The reasons for elective abortions were known in the following nine cases: five personal/social, one fetal disorder, one high risk because of age, one blighted ovum, and one gestational sac with no embryo. One elective abortion involved the genetic abnormality Down syndrome (Table 3) . pregnancy outcomes after botox exposure 183
Fetal defects. Among all live births (n = 174), there were a total of seven abnormalities (Table 3) . Two fetal cases were categorized as a major malformation: ventricular septal defect, which was prospective, asymptomatic, and did not require medical intervention, and tracheoesophageal fistula/esophageal atresia, a retrospective case that was successfully surgically repaired. The single prospective case of major malformation gave a 0.9% (1/110; 95% CI, 0.02-5.1%) prevalence rate of major fetal defects.
There were three minor fetal malformations: laryngomalacia, which resolved spontaneously over several months, and a reportedly asymptomatic innocent cardiac murmur in an infant with a family history of cardiac murmur. One prospective case with metatarsus adductus was provisionally classified as having a minor fetal defect, although data regarding the severity and need for interventions were not known for this case.
The one birth complication was Horner syndrome, which spontaneously resolved after 11 months. The one significant adverse event was a benign brain tumor identified at 13 months, which was successfully surgically resected.
DISCUSSION
This analysis examined over 20 years of data reported to Allergan on pregnancy outcomes in women exposed to onabotulinumtoxinA or unspecified BoNT. We observed that the rates of spontaneous abortion and fetal defects among pregnant women treated with onabotulinumtoxinA are similar to those reported for the general population. Among prospective cases, the observed prevalence rates of elective and spontaneous abortion were 5.8% (8/139; 95% CI, 2.5-11.3%) and 15.1% (21/139; 95% CI, 9.4-23.1%), respectively, compared with rates of 18.4 and 17.0% for elective and spontaneous abortions in the US general population. 7 As expected, the retrospectively collected prevalence rates of elective and spontaneous abortion outcomes were higher, owing to the inherent reporting bias seen in a retrospective subset. As noted by the FDA 12 and other authors, [13] [14] [15] the retrospective data cannot be compared with prevalence rates in the general population.
In this analysis, the observed prevalence rate of any fetal defects in prospective cases is 2.7% (95% CI, 0.6-8.0%), and the prevalence rate of major fetal defects is 1.8%, which is comparable to large populationbased studies. For example, the Centers for Disease Control and Prevention found a 3% overall prevalence rate of live births with major fetal defects from 1978 to 2005, 17 and a UK study reported a 2% prevalence rate of major fetal defects diagnosed before 1 year of age in children born between 1990-2009. 18 The March of Dimes estimates a birth prevalence rate of approximately 6% of the annual births worldwide for serious fetal defects of genetic or partially genetic origin; about 5.5% in high-income countries. 19 In addition, these data are consistent with observations from preclinical registration studies conducted by Allergan, in which onabotulinumtoxinA was not selectively toxic to fetal development, and fetal effects were observed only in association with maternal toxicity. No adverse effects on fetal development were observed when pregnant rats received single intramuscular injections of onabotulinumtoxinA 1, 4, or 16U/kg prior to implantation, at implantation, or during organogenesis.
1 Intramuscular daily injections of onabotulinumtoxinA to pregnant rats or rabbits during the period of organogenesis (total of 12 doses in rats, 13 doses in rabbits) resulted in reduced fetal body weights and decreased fetal skeletal ossification at the two highest doses in rats (4U/kg, 8U/kg) and at the highest dose in rabbits (0.5 U/kg).
1 These doses were also associated with maternal toxicity, including abortions, early deliveries, and maternal death. The developmental no-effect doses in these studies were lower than the average high dose used in humans. In addition to the studies on rats and rabbits, onabotulinumtoxinA did not appear to have an effect on neural tube development in a chick embryo model. 20 Reports in the literature of exposure to BoNT from botulism show low levels of adverse effects on the fetus (Table S3) . Clinical botulism did not appear to directly cause any adverse effects on the pregnancy or fetus in six published case reports. [21] [22] [23] [24] [25] [26] In one case, the patient was paralyzed and the fetus was the only visible motion, indicating that peripherally circulating BoNT does not cross the placenta. 22 Indeed, this conclusion was confirmed by an in vivo rabbit study, 27 and is consistent with the notion that should any onabotulinumtoxinA have been present in the systemic circulation after treatment, the large molecular weight makes it unlikely to passively diffuse across the placenta.
It is believed that little systemic distribution of therapeutic doses of onabotulinumtoxinA occurs. OnabotulinumtoxinA is not expected to be present in the peripheral blood at measurable levels following intramuscular or intradermal injection at the recommended doses. The recommended quantities of neurotoxin administered at each treatment session are not expected to result in systemic, overt, distant clinical effects (ie, muscle weakness) in patients without other neuromuscular dysfunction.
Literature reports of BoNT exposure from cosmetic or therapeutic use also show low levels of adverse effects on the fetus. Of the 30 cases of BoNT exposure Pregnancy cases with unknown maternal age, BOTOX indication, timing of exposure or BOTOX dose were not included in the individual analyses. *Data are expressed as n or n (% among those with known information).
pregnancy outcomes after botox exposure 185 for cosmetic or therapeutic purposes during pregnancy reported in the literature, two resulted in miscarriages (one of which is included in this analysis 28 ) and one in elective abortion with no report of fetal defects. 26, [28] [29] [30] [31] [32] [33] [34] This study has several limitations, which are consistent with other safety database analyses. It is restricted to cases reported to Allergan, and case reports may not include full data on factors such as dose and timing of exposure, which limits detailed analysis on risk factors in this population. In addition, outcomes at the time of birth were examined, but there could also be more subtle developmental effects identified at later postnatal visits.
CONCLUSIONS
Based on a 24-year retrospective review of the Allergan safety database, the prevalence of abnormal pregnancy outcomes in mothers exposed to onabotulinumtoxinA prior to or during pregnancy is consistent with background rates in the general population. No consistent types of malformation by organ were observed, and no new safety concerns were identified. Allergan will continue to monitor the pregnancy outcomes in onabotulinumtoxinAexposed women through routine pharmacovigilance.
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KEY POINTS
• Several indications for which onabotulinumtoxinA is approved are more prevalent in women, and many women being treated are of reproductive age
• This analysis of reported pregnancies during 24 years of onabotulinumtoxinA utilization shows that the prevalence of abnormal pregnancy outcomes in women exposed to onabotulinumtoxinA is comparable with background rates in the general population
• No consistent types of malformation by organ were observed, and no new safety concerns were identified
• Monitoring of pregnancy outcomes in onabotulinumtoxinA-exposed women is ongoing ETHICS STATEMENT The authors state that no ethical approval was needed.
